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END FITTING AND METHOD OF
MANUFACTURE

The present invention relates to an end fitting and to
apparatus and a method for manufacturing an end fitting for
a flexible pipe. In particular, but not exclusively, the present
invention relates to the manufacture of an end fitting for a
flexible pipe whereby at least one component part of the end
fitting 1s formed {irst as a near net shape (NNS) precursor via
an additive process and then subsequently refined to provide
the component part.

Traditionally flexible pipe 1s utilised to transport produc-
tion fluids, such as o1l and/or gas and/or water, from one
location to another. Flexible pipe 1s particularly useful 1n
connecting a sub-sea location (which may be deep under-
water, say 1000 meters or more) to a sea level location. The
pipe may have an internal diameter of typically up to around
0.6 meters (e.g. diameters may range from 0.05 m up to 0.6
m). Flexible pipe 1s generally formed as an assembly of
flexible pipe body and one or more end fittings. The pipe
body 1s typically formed as a combination of layered mate-
rials that form a pressure-containing conduwt. The pipe
structure allows large detlections without causing bending
stresses that impair the pipe’s functionality over 1ts lifetime.
There are different types of flexible pipe such as unbonded
flexible pipe which 1s manufactured 1n accordance with API
1’7] or composite type tlexible pipe or the like. The pipe
body 1s generally built up as a combined structure including
polymer layers and/or composite layers and/or metallic
layers. For example, pipe body may include polymer and
metal layers, or polymer and composite layers, or polymer,
metal and composite layers. Depending upon the layers of
the tlexible pipe used and the type of flexible pipe some of
the pipe layers may be bonded together or remain unbonded.

Some flexible pipe has been used for deep water (less than
3,300 feet (1,005.84 meters)) and ultra-deep water (greater
than 3,300 feet) developments. It 1s the increasing demand
for o1l which 1s causing exploration to occur at greater and
greater depths (for example 1n excess of 8202 feet (2500
meters)) where environmental factors are more extreme. For
example 1 such deep and ultra-deep water environments
ocean floor temperature increases the risk of production
fluids cooling to a temperature that may lead to pipe block-
age. In practice flexible pipe conventionally 1s designed to
perform at operating temperatures of -30° C. to +130° C.
Increased depths also increase the pressure associated with
the environment 1n which the flexible pipe must operate. For
example, a tlexible pipe may be required to operate with
external pressures ranging from 0.1 MPa to 30 MPa acting
on the pipe. Equally, transporting oil, gas or water may well
give rise to high pressures acting on the flexible pipe from
within, for example with internal pressures ranging from
zero to 140 MPa from bore fluid acting on the pipe. As a
result the need for high levels of performance from the
pressure armour and tensile armour layers of the flexible
pipe body 1s increased. It 1s noted for the sake of complete-
ness that tlexible pipe may also be used for shallow water
applications (for example less than around 300 meters
depth) or even for shore (overland) applications.

Conventionally flexible pipe comprises a length of flex-
ible pipe body (sometimes referred to as a segment of
flexible pipe body) terminated at at least one end via an end
fitting. Conventional end fittings include multiple compo-
nent parts cast from a base metal such as steel or stainless
steel. These component parts are secured together to provide
a rigid end to the tlexible pipe body. Conventionally some
end fittings contain small-bore gas pressure relief passages
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or lumens used as conduits for ancillary monitoring equip-
ment or tlare off points. The passages have traditionally

taken the form of holes drilled through the solid body of one

or more of the end fitting component parts. Thus these
straight holes have been conventionally drilled through steel
or alloy walls of the end fitting components and thereafter
connected using commercial connectors and tubing of either
a stainless steel or polymer based material. Such conven-
tional techniques have the advantage of being cheap and
oflering relatively easy to assemble end fittings. The end
fitting component materials themselves however present a
vulnerability 1in the form of being bare alloy or bare steel
bore surfaces along any holes or lumens drilled through the
end fitting components to which ancillary tubing 1s attached.
This 1s particularly disadvantageous in the circumstances
where the tlexible pipe 1s placed 1n so-called “sour” service.
In such service production fluids transported by the tlexible
pipe body can include acid gas species such as H,S. This 1s
particularly an 1ssue when acidic gases must be exhausted
from an annulus region of the flexible pipe body which can
lead to corrosion of the through passageways and also lead
to migration of atomic hydrogen, released during the cor-
rosion reaction, to points of high stress or inclusions in the
end fitting material. Re-combination 1n to molecular hydro-
gen gas with a commensurate significant volume increase
results 1n a local build-up of pressure 1n the metal structure
and potentially what 1s known as hydrogen cracking of the
material. As a result end fittings to be used for flexible pipes
where sour service 1s to be anticipated must conventionally
be manufactured from corrosion resistant alloys. For
example an entire main body component of an end fitting
must be manufactured from nickel alloy 625 or duplex or
super duplex stainless steel. This 1s an expensive process.

Equally any passageways which must be provided
through the end fitting components must thereatter be drilled
through such maternial. This can be a time consuming and
costly process and there are limitations on the routes such
passageways can be made to follow.

It 1s an aim of the present invention to at least partly
mitigate the above-mentioned problems.

It 1s an aim of certain embodiments of the present inven-
tion to provide an end fitting and a method of manufacturing
an end fitting whereby precursors of one or more component
parts of the end fitting can be generated {irst via an additive
manufacturing (AM) techmque.

It 1s an aim of certain embodiments of the present mven-
tion to provide a method of manufacturing an end {fitting
component part which incorporates substantive regions of a
base material but which includes integrally formed regions
of a further material having improved physical characteris-
tics at desired locations.

It 1s an aim of certain embodiments of the present mnven-
tion to provide a method of manufacturing an end fitting and
an end fitting i which one or more fluild communicating
passageways can be provided through the component part
which are not straight or linear and which could not other-
wise be provided by conventional techniques.

According to a first aspect of the present invention there
1s provided a method of manufacturing a component part of
an end {itting for a tlexible pipe, comprising the steps of:

via an additive process, providing a near net shape (NNS)

precursor corresponding to a component part of an end
fitting layer-by-layer; and

subsequently performing at least one post NNS process-

ing operation on the NNS precursor to provide the
component part.
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Aptly the method further comprises, via the additive
process, providing the NNS precursor with at least one
region of a first material integrally formed with a base
material of the NNS precursor, said base material being
different from the first material.

Aptly the method further comprises providing each region
ol the first material at a location where a fluid communica-
tion passageway 1s provided in the component part.

Aptly the method further comprises providing the fluid
communication passageway as an interconnected void space
in adjacent layers 1n a region of the first material as layers
of the NNS precursor are provided.

Aptly the method further comprises, via the void space,
providing a non-linear lumen through said a region.

Aptly the non-linear lumen 1s provided as a lumen having
a curved or labyrinthine passageway through said a region.

Aptly the method further comprises providing the fluid
communication passageway by subsequently drilling at least
one bore 1n a region of the first material.

Aptly the method further comprises providing a planar
starting base plate member; and

layer-by-layer, adding a new layer of base material and/or

the first material at selected locations on an underlying
layer supported via the base plate member.

Aptly the method further comprises providing a starting
preform member; and

layer-by-layer, adding a new layer of base material and/or

the first material at selected locations on an underlying
layer supported via the preform member.

Aptly the method further comprises providing the starting
preform member by providing a nickel alloy tube.

Aptly the starting preform member 1s a steel tube or steel
section and the steps of adding a new layer layer-by-layer
comprises providing at least one nickel alloy layer over the
preform member and subsequently providing at least one
base material layer over the nickel alloy layer.

Aptly the method further comprises subsequently remov-
ing the steel tube or steel section.

Aptly the method further comprises providing the starter
preform member by providing a starting preform member
manufactured from a material that 15 more corrosion resis-
tant than steel but less expensive than nickel alloy.

Aptly the method further comprises the preform member
1s a tubular or frusto conical or curve shaped member.

Aptly the method further comprises delivering a metal for
the additive process as a powder or wire.

Aptly the method further comprises providing geometric
data mput representing the component part of an end fitting.

Aptly the method further comprises providing a build
sequence for the additive process.

Aptly the method further comprises determining at least
one tool path for each tool at an Additive Manufacturing
(AM) cell that performs at least a step of the additive
pProcess.

Aptly the at least one tool comprises a deposition robot or
machining robot or a part manipulator.

Aptly the method further comprises determining at least
one operation parameter for the additive process.

Aptly the at least one operation parameter comprises one
of a temperature of a heat source, a supply rate for incoming
metal and an angle of incidence of the metal with respect to
an 1n-place substrate.

Aptly the method further comprises working a portion of
an exposed surface of a substrate subsequent to generation
of a substrate layer on an underlying layer, and prior to the
addition of a subsequent layer on the substrate.
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Aptly the method further comprises working the portion
of the exposed surface by applying mechanical or thermal
treatment to the surface.

Aptly the method further comprises working the portion
of the exposed surface by applying local plastic defamation
to the exposed surface.

Aptly the step of providing a region of a first material
comprises providing a region ol a Corrosion Resistant Alloy
(CRA) 1n the base material of the NNS precursor.

Aptly the method further comprises the CRA 1s nickel
alloy or duplex stainless steel or super duplex stainless steel
and the base material 1s stainless steel or carbon steel.

According to a second aspect of the present invention
there 1s provided a component part of an end {fitting for a
flexible pipe, comprising:

at least one region of a first material integrally formed

with a further region of a base material; wherein

at least one physical characteristic of the first material 1s

different from the base matenal.

Aptly the component part 1s a main body part or jacket or
flange connector of an end fitting.

Aptly said at least one region comprises a non-suriace
region ol the component part.

Aptly said at least one region comprises a region in the
component part more than 1 mm from an outer surface.

Aptly the component part further comprises at least one
fluid communication passageway provided in the at least one
region.

Aptly the fluid communication passageway 1s a non-linear
lumen through the at least one region.

Aptly the fluid communication passageway extends from
the at least one region and through at least a portion of the
base material.

Aptly the fluid communication passageway extends from
a first surface on a corresponding first side of the component
part to a further surface on a corresponding further side of
the component part.

Aptly the first maternial 1s a corrosion resistant alloy
(CRA).

Aptly the CRA 1s nickel alloy or duplex stainless steel or
super duplex stainless steel.

According to a third aspect of the present invention there
1s provided a preformed member for manufacturing a com-
ponent part of an end fitting for a flexible pipe, comprising;:

a tubular element manufactured from a preformer material

providing associated physical characteristics; wherein

a surface region of the tubular element 1s disposed to

provide an exposed surface of an end fitting component
part and a remainder surface region of the tubular
clement 1s disposed to provide a starting substrate on
which layers can subsequently be added via an additive
process to provide a near net shape (NNS) element
comprising the tubular element and corresponding to a
component part of an end fitting.

Aptly a cross section of the tubular member 1s symmetri-
cal.

Aptly a cross section of the tubular member 1s constant
along a length of the tubular member.

According to a fourth aspect of the present invention there
1s provided an end fitting for a flexible pipe including at least
one component part comprising at least one region of a first
material mtegrally formed with a further region of a base
material; wherein

at least one physical characteristic of the first material 1s

different from the base matenal.

According to a fifth aspect of the present invention there
1s provided a tlexible pipe comprising an end {fitting which
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comprises at least one component part that comprises at least
one region of a first material integrally formed with a further
region ol a base material, wherein

at least one physical characteristic of the first maternal 1s

different from the base matenal.

According to a sixth aspect of the present invention there
1s provided a product which comprises a computer program
comprising program instructions for:

via an additive process, providing a near net shape (NNS)

precursor corresponding to a component part of an end
fitting layer-by-layer.

Aptly the program 1nstructions are for determining opera-
tion of at least one tool at an additive manufacturing (AM)
cell.

According to a seventh aspect of the present ivention
there 1s provided a method substantially as heremnbefore
described with reference to the accompanying drawings.

According to an eighth aspect of the present invention
there 1s provided apparatus constructed and arranged sub-
stantially as hereinbefore described with reference to the
accompanying drawings.

Certain embodiments of the present mnvention provide a
method of manufacturing a component part of an end {fitting,
via an additive process whereby a Near Net Shape (NNS)
precursor corresponding to a desired component part of an
end fitting 1s formed and subsequently processed to provide
a component part of an end fitting. The component part can
include passageways 1n locations not previously available
via conventional techniques. Alternatively or additionally
regions of the component part can be formed from materials
having favourable physical characteristics with respect to a
remaining major portion of the end fitting component which
can otherwise be made from other cheaper or easier to form
materials.

Certain embodiments of the present invention provide a
method of manufacturing end {fitting components using
additive manufacturing which saves on time and cost 1n
machining and which also have integral to them corrosion
resistant surfaces 1n bore and/or through orifice regions
where potentially corrosive gases are to be expected in
operation.

Certain embodiments of the present invention provide an
end fitting formed from materials and having a design which
makes a risk of hydrogen cracking of the end fitting material
far less likely than with conventional techniques.

Certain embodiments of the present invention provide for
through holes 1n an end fitting component part to follow a
contorted or labyrinthine path to navigate around undesired
regions of the component part such as areas where bolt holes
pass through an end {fitting.

Certain embodiments of the present invention provide for
corrosion resistant passageways or bores through an end
fitting and/or allow passageways to follow non straight
pathways.

Certain embodiments of the present invention provide for
corrosion resistant passageways or bores through an end
fitting and/or allow passageways providing interconnections
between internal corrosion resistant material lined internal
voild chambers 1n the end fitting body structure.

Certain embodiments of the present invention enable one
or more regions ol an end {itting component part to have
physical characteristics tailored to the performance desired
from that region.

Embodiments of the present invention will now be
described hereinafter, by way of example only, with refer-
ence to the accompanying drawings in which:
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FIG. 1 illustrates tlexible pipe body;

FIG. 2 illustrates tlexible pipes;

FIG. 3 illustrates a main body component of an end
fitting;

FI1G. 4 1llustrates a region of the component part of the end
fitting shown 1n FIG. 3 1n more detail;

FIG. 5 illustrates use of a manufacturing cell for genera-
tion of a component part;

FIGS. 6a and 65 each illustrate a Near Net Shape pre-
CUrsor;

FIG. 7 illustrates a planar substrate;

FIG. 8 illustrates a cylindrical substrate;

FIG. 9 illustrates an alternative end fitting component
part; and

FIG. 10 illustrates flexible pipe body terminated 1n an end
fitting.

In the drawings like reference numerals refer to like parts.

Throughout this description, reference will be made to a
flexible pipe. It1s to be appreciated that certain embodiments
of the present invention are applicable to use with a wide
variety of flexible pipe. For example, and as described in
more detail below, certain embodiments of the present
invention can be used with respect to flexible pipe and
associated end fittings of the type which 1s manufactured
according to API 17]. Such flexible pipe 1s often referred to
as unbonded flexible pipe. Likewise certain other embodi-
ments of the present invention are usable with flexible pipe
and associated end fittings for flexible pipe of a composite
type structure. Such composite type flexible pipe and its
manufacture 1s currently being standardised by the API.

Turning to FIG. 1 1t will be understood that the illustrated
flexible pipe 1s an assembly of a portion of pipe body and
one or more end fittings 1n each of which a respective end
of the pipe body 1s terminated. FIG. 1 illustrates how pipe
body 100 1s formed from a combination of layered materials
that form a pressure-containing conduit. As noted above
although a number of particular layers are 1llustrated 1n FIG.
1. 1t 1s to be understood that certain embodiments of the
present mmvention are broadly applicable to coaxial pipe
body structures including two or more layers manufactured
from a variety of possible materials. It 1s to be turther noted
that the layer thicknesses are shown for 1llustrative purposes
only. As used herein, the term “composite’ 1s used to broadly
refer to a material that 1s formed from two or more diflerent
materials, for example a material formed from a matrix
material and reinforcement fibres.

The pipe body 1illustrated 1n FIG. 1 includes an innermost
carcass layer 101. The carcass 1s a pressure resistant layer
that provides an 1nterlocked construction that can be used as
the innermost layer to prevent, totally or partially, collapse
of an internal pressure sheath 102 due to pipe decompres-
sion, external pressure, and tensile armour pressure and
mechanical crushing loads. The carcass 1s a crush resistant
layer. It will be appreciated that certain embodiments of the
present invention are thus applicable to ‘rough bore” appli-
cations (with a carcass). Aptly the carcass layer 1s a metallic
layer. Aptly the carcass layer 1s formed from stainless steel,
corrosion resistant nickel alloy or the like. Aptly the carcass
layer 1s formed from a composite, polymer, or other mate-
rial, or a combination of materials.

The internal pressure sheath 102 acts as a fluid retaining
layer and comprises a polymer layer that ensures internal
fluid integrity. The layer provides a boundary for any
conveyed fluid. It 1s to be understood that this layer may
itsell comprise a number of sub-layers. It will be appreciated
that when the carcass layer 1s utilised the internal pressure
sheath 1s often referred to by those skilled 1n the art as a
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barrier layer. In operation without such a carcass (so-called
smooth bore operation) the internal pressure sheath may be
referred to as a liner.

A pressure armour layer 103 1s a pressure resistant layer
that provides a structural layer that increases the resistance
of the flexible pipe to internal and external pressure and
mechanical crushing loads. The layer also structurally sup-
ports the internal pressure sheath, and consists of an inter-
locked construction of wires with a lay angle close to 90°.
Aptly the pressure armour layer 1s a metallic layer. Aptly the
pressure armour layer 1s formed from carbon steel, alu-
mimium alloy or the like. Aptly the pressure armour layer 1s
formed from a composite, polymer, or other material, or a
combination of materials.

The flexible pipe body also includes an optional first
tensile armour layer 104 and optional second tensile armour
layer 105. Each tensile armour layer 1s used to sustain tensile
loads and internal pressure. The tensile armour layer is
formed from a plurality of metallic wires (to impart strength
to the layer) that are located over an inner layer and are
helically wound along the length of the pipe at a lay angle
typically between about 10° to 53°. The tensile armour
layers are optionally counter-wound in pairs. Aptly the
tensile armour layers are metallic layers. Aptly the tensile
armour layers are formed from carbon steel, aluminium
alloy or the like. Aptly the tensile armour layers are formed
from a composite, polymer, or other material, or a combi-
nation of materials.

The flexible pipe body shown also includes optional
layers of tape 106 which help contain underlying layers and
to some extent prevent abrasion between adjacent layers.
The tape layer may optionally be a polymer or composite or
a combination of materials. Tape layers can be used to help
prevent metal-to-metal contact to help prevent wear. Tape
layers over tensile armours can also help prevent “birdcag-
ng’”.

The flexible pipe body also includes optional layers of
insulation and an outer sheath 107, which comprises a
polymer layer used to protect the pipe against penetration of
seawater and other external environments, corrosion, abra-
sion and mechanical damage. Any thermal insulation layer
helps limit heat loss through the pipe wall to the surrounding
environment.

Each tlexible pipe comprises at least one portion, some-
times referred to as a segment or section of pipe body 100
together with an end fitting located at at least one end of the
flexible pipe. An end fitting provides a mechanical device
which forms the transition between the flexible pipe body
and a connector. The different pipe layers as shown, for
example, in FIG. 1 are terminated 1n the end fitting in such
a way as to transier the load between the tlexible pipe and
the connector.

FIG. 2 illustrates a riser assembly 200 suitable for trans-
porting production tluid such as o1l and/or gas and/or water
from a sub-sea location 221 to a floating facility 222. For
example, in FIG. 2 the sub-sea location 221 includes a
sub-sea flow line. The flexible flow line 225 comprises a
flexible pipe, wholly or 1n part, resting on the sea floor 224
or buried below the sea floor and used 1n a static application.
The floating facility may be provided by a platform and/or
buoy or, as illustrated 1n FIG. 2, a shup. The riser assembly
200 15 provided as a flexible riser, that 1s to say a flexible
pipe 223 connecting the ship to the sea tloor installation. The
flexible pipe may be in segments of flexible pipe body with
connecting end {ittings.

It will be appreciated that there are diflerent types of riser,
as 1s well-known by those skilled in the art. Certain embodi-
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ments of the present invention may be used with any type of
riser, such as a freely suspended (Ifree, catenary riser), a riser
restrained to some extent (buoys, chains), totally restrained
riser or enclosed in a tube (I or I tubes). FIG. 2 also
illustrates how portions of tlexible pipe can be utilised as a
Tumper 226.

FIG. 3 illustrates a main body 300 of an end fitting for a
flexible pipe. The main body 300 1s an example of a
component part of an end fitting. Other examples of a
component parts are the jacket or inner collar or the like. The
main body 300 includes a flanged end region 303 at a first
end 307 of the main body. The flange 1s usable to secure the
main body and thus the end fitting to a further end fitting in
a back-to-back configuration or alternatively to a rigid
structure. A seal ring groove 310 1s provided on an end
surface 312 of the flange to help provide a flmd seal when
the end fitting 1s secured to another element. The main body
300 of the end fitting includes a neck region 3135 having a
length L. As the neck 313 extends away from the flange 305
the neck extends into a further flared out region 320 which
includes a seat surface 322 for receiving an end fitting
jacket. The end fitting jacket (not shown) 1s secured to the
main end {itting body to provide a space between the jacket
and the main body where wires of the tlexible pipe body can
be terminated.

The main body 300 of the end fitting flares radially
outwardly towards a remaining end 325 of the main body
part. The open end defines an open mouth 327 in which
various layers of the flexible pipe body can be terminated.
An mner bore 330 for the end fitting 1s partially defined by
an inner surface 335 of the end fitting main body. The
diameter of the inner surface 335 which helps define the bore
330 1s substantially equal to or exactly equal to a diameter
of an inner bore of the flexible pipe body which 1s to be
terminated 1n the end fitting.

The main body 300 of the end fitting shown 1n FIG. 3 1s
manufactured via an additive manufacturing process from a
base material that 1s rigid and provides desired physical
characteristics. One or more regions of at least one further
maternial are integrally formed with the regions of the base
maternial as part of the additive manufacturing process. The
end fitting main body shown 1n FIG. 3 1s made from low
alloy steel. Aptly as an alternative the base material of the
end fitting component part 300 could be super duplex
stainless steel, nickel alloy or the like. For the end fitting
shown 1n 1n FIG. 3 a 3 mm nickel alloy layer 340 1s formed
integrally with the base material as part of the additive
manufacturing process. The mickel alloy layer 340 extends
along the entire inner surface of the bore and into the seal
ring groove 310 at the securing end of the end fitting. The
layer also extends 1nto a region of extra cladding 345 again
formed as part of the additive manufacturing process so as
to be integrally formed with the base material. The layer can
thus have a vanable thickness where desired. Aptly extra
nickel alloy layer thickness enables precision machining.
Aptly the layer of nickel alloy 1s about around 1 to 5 mm 1n
thickness. Aptly the layer 1s 2 to 4 mm 1n thickness. Aptly
the layer 1s a nickel alloy 625 layer. Aptly the layer 1s a
corrosion resistant alloy layer. Aptly the layer 1s an austenitic
stainless steel. Aptly the layer 1s a 25 chromium containing
super duplex material. It will be appreciated that a thin layer
of corrosion resistant material can be provided anywhere
that 1s desired as part of the manufacturing process. Like-
wise materials can be used in selected regions that have
other desired physical characteristics such as hardness, soft-
ness, degree of stiflness or the like.
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A first fluid communication passageway 3350 extends from
an opening 355 at the open mouth end 323 of the end fitting
component 300 and then extends via a non-linear pathway
through the main body of the end fitting to a port 360 at a
nearest external point where the passageway flares out to
receive a plug or other such connector type. It will be
appreciated that the mlet and exit ends of the fluid commu-
nication passageway could be located at any desired location
near internal surfaces and/or external surfaces of the end
fitting component part 300 with a communication pathway
connecting the ports appropriately. Likewise the ports can
have any desired shape and size according to use. As
illustrated 1n FIG. 3 a corrosion resistant layer 365 1is
provided via an additive manufacturing technique to be
integrally formed with the base material where the bore of
the fluid communication passageway 1s provided through the
end fitting component part 300. The surface layer surround-
ing the passageway 1s 3 mm 1n thickness although other
thicknesses could of course be provided.

A further fluid communication passageway 375 extends
between two internal locations of the end fitting body 1n the
mouth area 327. A first opening 380 1s fluidly connected by
the substantially U-shaped passageway 375 to a further
opening 385. This passageway 1s useful for communicating
fluid pressure between a double seal arrangement when
flexible pipe body 1s terminated 1n the end {fitting body.

FIG. 4 1llustrates a region of the end fitting body 300
shown 1n FIG. 3 in more detail. FIG. 4 helps illustrate the
fluid communication passageway 350 which extends
between a fluid communication port 355 formed on an inner
surface of the main body of the end fitting and a fluid
communication port 360 formed on what 1n use would be an
external surface of the end fitting. The ports 355, 360 may
be 1nlet or outlet ports depending upon a direction of tlow of
fluid along the fluid communication passageway. It will be
appreciated that multiple fluid communication passageways
linking corresponding openings may be provided circum-
terentially around the end fitting and extending through the
main body of the end fitting. Alternatively one or just a small
number of fluid communication passageways may be
formed with multiple ports (more than the number of
passageways) each connected to a main passageway via a
auxiliary connecting passageway (not shown). Through such
an arrangement multiple vents may be connected to multiple
communication passageways so that, should there be any
blockage 1n any one of those passageways/tluid communi-
cation ports (vents), the gas pressure can still be released to
the outside of the end fitting through other, connected fluid
communication ports. Aptly an annular communication pas-
sageway 1s provided within the end fitting connecting all
circumierential fluild communication ports 360 together.
Aptly there are at least three ports 1n the end fitting. Each
fluid communication passageway 1s formed as a void space
in the material of the end fitting component part as it 1s
formed via an additive manufacturing step as a Near Net
Shape (NNS) precursor. This 1s described in more detail
below. As the material of the end fitting main body 1s
generated layer-by-layer via the additive process void space
1s left 1n adjacent layers to create the void space or open
space that ultimately forms the fluild communication pas-
sageway. In a similar way the regions surrounding the void
space, or indeed regions within the body away from the
surface, can be formed wvia the additive manufacturing
process using materials having physical characteristics
selected according to the environmental factors expected to
be experienced in the fluid communication passageway 3350
(or other locations). For example a temperature of fluid

10

15

20

25

30

35

40

45

50

55

60

65

10

flowing along the passageway and/or a level of acidity
expected by the flmd. Aptly the fluid communication pas-
sageway can be used to vent an annulus region of a flexible
pipe. IT the flexible pipe 1s 1n “sour service” the vent gases
may be expected to have an acidic nature. Thus including a
corrosion resistant alloy material as a layer around any fluid
communication passageway as that passageway 1s created 1n
a Near Net Shape precursor means that 1n use annulus gases
can be vented without fear of cracking of any material of the
main body of the end fitting. It will be appreciated that
additional flmid communication pathways can be provided
via conventional techniques.

As 1illustrated 1n FIG. 4 both the main fluid communica-
tion passageway 350 and the further fluid communication
passageway 375 have a non-linear pathway. That 1s to say
whilst one or more parts of the passageways may be linear,
overall the passageways do not just follow a straight path-
way but can be serpentine or labyrinthine or U-shaped or
C-shaped or the like. The creation of fliud communication
passageways in a main body component part of an end fitting
via an additive manufacturing process provides the option to
provide fluild communication passageways in locations and
tollowing pathways which would not otherwise be possible
via conventional techniques when such passageways must
by necessity only be formed by dnlling in a straight line
from various directions into the material of the main body.
It may be noted that a whole length of the internal surface
of the passageway 350 may not be machined to a finished
dimension as there are limited means to perform machining
through the convoluted route of the passageway, hence the
Near Net Shape precursor 1n such locations are final shape.
An NNS precursor can thus include surfaces that provide
final surfaces 1 a corresponding component part. Aptly
continuity of fluid communication through such passage-
ways can be confirmed through a conventional gas/water
pressure/tlow test.

FIG. 4 helps illustrate how the nickel layer 340 can be
provided on what would commonly be referred to as the
whetted 1inner bore surface of the end fitting main body part.
It will be understood that in contrast to conventional tech-
niques when such a layer would have to be provided 1 a
separate step of cladding, use of an additive manufacturing
technique means that this surface layer can be created as part
of the additive manufacturing process so that the surface
layer 1s integrally formed with a remainder of the material of
the main body of the end fitting component. It will be
appreciated that surface regions such as the region 340 or
internal regions such as the surrounding regions surrounding
the tluid communication passageway 350 can be formed of
various materials so as to be integrally formed with the base
material according to certain embodiments of the present
invention.

FIG. 5 helps 1llustrate an additive manufacturing cell 500
which can be used to construct an NNS precursor 510. The
NNS precursor 510 1s a body having a shape and configu-
ration which 1s nearly equal to or shares many characteristics
with an end component part 520.

The component part 520 which 1s the final finished
component part of an additive manufacturing process could,
for example, be the main body 300 of the end fitting
previously described. Certain embodiments of the present
invention can use a wide range of metal additive manufac-
turing techniques to create the NNS precursor 310. For
example the process can be an additive layer manufacture,
laser cladding, buttering, digital manufacture, direct light
tabrication, direct metal casting (DMC), direct metal (laser)
deposition (DM(L)D), laser direct casting or deposition,
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laser casting, laser clad casting, laser consolidation, laser
cusing, laser engineered net shaping (LENS), lasform, laser
melting, (metal) rapid prototyping, net shape manufacture,
net shape engineering, shaped deposition manufacturing,
shape melting, selective laser sintering (SLS), selective laser
melting (SLM), shaped metal deposition (SMD), shape
melting technology (SMT), shape welding, solid freeform
tabrication (SFF) process, hot 1sostatic pressing (HIP) or the
like. The additive manufacturing cell used to create the NNS
precursor 510 shown in FIG. 5 1s a wire and arc additive
manufacture (WAAM) cell which creates the NNS precursor
via weld build up using a wire material supply and arc based
heat source such as a welding torch.

In more detail one or more robots 525 (and/or gantries)
are utilised to selectively locate a focussed welding torch
530 which provides a power beam. For example one or more
Fanuc robots or the like can be utilised. Wires 535 of desired
materials are likewise guided by the robots and gantries to
a deposition point on a substrate upon which the NNS
precursor 510 1s constructed. It will be appreciated that
whilst certain embodiments of the present imvention are
being described as being wire based 1n terms of their source
of material, powder based techniques can be utilised or a
mixture of wire and powder. Wire based techniques provide
a relatively high deposition rate and high material efliciency
with low risk of defect and thus low part cost. The core
additive layer manufacture hardware illustrated as a hard-
ware unit 540 includes a controller 545 which communicates
with a motion system 550 which controls the robots and
gantries 523. Likewise the controller 545 controls operation
of the heat source 555 which, in the embodiment shown, 1s
a cold metal transfer (CMT) unmit which creates a power
beam 3530 and of which there may optionally be a plurality
providing the wvarious material types in parallel or in
sequence. The controller also helps drive the material sup-
plies 560 which selectively provide wire of desired materials
at desired locations as the deposition point provided by the
power beam 530 1s moved to generate the NNS precursor
510 being formed on the substrate (see below).

The control system and software unit 370 includes a data
input module 572 which provides geometric data input, such
as for example a 3D CAD nput or the like for the NNS
precursor 310. An output from this module 1s provided to a
ranging module 574 which generates wall width ranges for
the NNS precursor 510 responsive to the mput geometric
data. A process algorithms module 576 receives the wall
width range output from the ranging module 574 and
provides an input 1nto a build sequence strategy module 578
and slicing module 580 responsive thereupon. Outputs from
the slicing module 580 and build sequence module 578 are
used by a paths and process module 582 which develops tool
paths to be followed and process parameters to be set
responsive to the shape and configuration of the NNS
precursor to be manufactured and material costs etc. An
output from the control system and soiftware unit 570 1is
provided to the controller 545 for controlling the motion
system, heat source and material supply appropriate for the
design and materials being used.

Subsequent to generation of the NNS precursor 510 the
precursor 510 1s delivered to a post processing sub station
585 of the additive manufacturing cell 500. Here an inspec-
tion module 587 1s used to inspect the shape and configu-
ration of the NNS precursor 510 and determine any defects
or other related characteristics. Aptly the elements of the
inspection module 587 such as cameras, lasers or the like are
provided with control via the controller 545 1n the core
hardware unit 540. Alternatively or additionally manual
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measurement using Vernier/micrometer measurements and
the like may be utilised. Additional non-destructive testing,
for instance ultrasonic 1inspection or magnetic particle
inspection or the like may be utilised for quality control
purposes. The results of the inspection module 3587 are
provided to a finishing module 590 and other additional
processes modules 592 which are likewise provided with
control via the controller 545. Aptly a mult1 tool program-
mable CNC machining centre 1s used for the finishing
process. A Holyroyd Edgetek 5-axis grinding system can
optionally be used as part of an additional process. Taking 1n
the NNS precursor 510 these post production steps can be
used to provide the end component part 520.

It will be appreciated that as part of the manufacturing
process 1 which the NNS precursor 510 1s manufactured
layer-by-layer, certain work piece processing steps can be
carried out. For example to assist 1n the control of the micro
structure of the precursor rolling can optionally be carrnied
out on the top of the most recently applied layer. That 1s to
say subsequent to generation of a layer of the precursor a
roller element can be applied having a desired cross sec-
tional profile. A pressure 1s applied by the roller to help
reduce distortion of the precursor 310 as it 1s created and to
help control bead geometry. Aptly a rolling pressure of
between 30 kIN and 100 kN 1s applied. Aptly a rolling force
of about around 70 to 80 kN 1s applied. Rolling introduces
deformation nucleation sites and stored energy into large
grains ol certain materials. This helps induce recrystalliza-
tion when layers are reheated during a subsequent deposition
step and thus helps produce a desirable micro structure 1n the
NNS precursor as 1t 1s generated.

FIG. 6qa 1llustrates an example of an NNS precursor. As
illustrated 1n FIG. 6a the precursor 510 includes material
having a general shape based upon an end shape of a main
body end fitting component part as previously described.
Precursors for other component parts of an end fitting would
of course have a general shape associated with that compo-
nent part. The NNS precursor 510 illustrated 1mn FIG. 6a
includes a core region 600, which 1s the material which 1s
ultimately retained to provide the component part 520, and
waste material 620. This waste material 620 which 1s formed
as part of the additive manufacturing process 1s the material
which can be 1dentified via the mspection module 587 and
then removed via the finishing module 590 and any addi-
tional procedures module 592. For example the waste mate-
rial 620 can be removed via a machining stage i which
excess deposited material 1s removed. FIG. 65 1llustrates an
alternative NNS precursor 510, including the core material
600 and excess waste material 630. The waste material 630
illustrated 1n FI1G. 65 1s waste material created by making the
NNS precursor 510, slightly over size relative to an end
component part wherein the waste material 620 illustrated 1n
FIG. 6a 1s generated by merely selecting to manufacture the
NNS precursor 510, having a block-like end region.

FIG. 7 1llustrates a plate-like substrate 700 which option-
ally forms the starting point of an additive manufacturing
process. The planer substrate 700 has a substantially flat
substantially rectangular configuration having a rectangular
upper surtace 710 a lower spaced apart substantially parallel
lower surface 720, two opposed long edges 730 and two
spaced apart short side edges 740. The NNS precursor 510
1s built up from one selected surface from such a substrate.
Alternatively the NNS precursor 510 can be generated
extending outwardly from both surfaces 710, 720 by selec-
tively rotating the substrate 1 a controlled way prior to
depositing material layer-by-layer on top of each side. It will
be appreciated that 1n this latter mode of operation at least
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a portion of the substrate remains 1n the final NNS precursor
and the final component part. By contrast with the former
technique of creating the NNS precursor 310 from just one
side of the substrate the substrate can be removed as part of
a final processing step or optionally a portion of the substrate
can be used at an end of the end component part 520. The
substantially planer substrate 700 1llustrated in FIG. 7 can be
formed from a material which matches the base material of
the end component part 520 or alternatively can be selected
from a material having physical characteristics selected for
performance purposes where the part of the substrate 1n any
finished component part 520 1s to be located.

FIG. 8 1llustrates an alternative substrate 800 which can
be utilised to form the starting substrate for an NNS pre-
cursor 510. Other non planar substrates having various
shapes and configurations could of course be utilised accord-
ing to certain other embodiments of the present mvention.
The substrate 1llustrated in FIG. 8 1s a substantially tubular
structure. That 1s to say the ends have a substantially circular
shape and have circular ends 810, 820 separated by a hollow
cylindrical body 830 having a smooth cylindrical inner
surface 840 and a smooth cylindrical outer surface 850. As
with the substrate 700 illustrated in FIG. 7 the substrate
illustrated 1n FIG. 8 can form the basis of a part of the final
finished component part 520 or can be removed as part of a
finishing processing step. Likewise the cylindrical substrate
can be formed from a material having characteristics which
are desired 1n the end component part 520 11 the substrate 1s
to remain part of that component or of a difierent matenal
(perhaps a cheaper material) 11 the substrate 1s eventually to
be removed as part of the post processing process. Aptly the
substrate 800 1s a nickel alloy body and 1s used to provide
an ner layer for the whetted surface.

FIG. 9 1illustrates a main body 900 of an alternative end
fitting for a flexible pipe. The main body 900 1s an example
of a component part of an end fitting. As with the main body
300 shown and described with respect to FIG. 3 the main
body 900 1llustrated 1n FIG. 9 includes a flanged end region
905 at a first end 907 of the main body. The flange 1s usable
to secure the main body and thus the end fitting to a further
end fitting 1n a back-to-back configuration or alternatively to
a rigid structure. A seal ring groove 910 1s provided on an
end surface 912 of the flange to help provide a fluid seal
when the end fitting 1s secured to another element. The main
body 900 of the end fitting includes a neck region 915
having a length M. As the neck 915 extends away from the
flange 905 the neck extends into a further flared out region
920 which includes a seat surface 922 for recerving an end
fitting jacket. The end fitting jacket (not shown) 1s secured
to the main end fitting body 900 to provide a space between
the jacket and the main body where wires of the tlexible pipe
body can be terminated.

The main body 900 of the end fitting flares radially
outwardly towards a remaining end 925 of the main body
component part. The open end defines an open mouth 927 1n
which various layers of the flexible pipe body can be
terminated. An 1nner bore 930 of the end fitting 1s partially
defined by an 1nner surface 935 of the end fitting main body.
The diameter of the inner surface 935 which helps define the
bore 930 1s substantially equal to or exactly equal to a
diameter of an inner bore of the flexible pipe body which 1s
to be terminated 1n the end fitting.

The main body 900 of the end fitting shown in FIG. 3 1s
manufactured via an additive manufacturing process in a
manner similar to that described above. The main body 900
illustrated 1n FIG. 9 helps illustrate how an additive manu-
facturing process can be used to generate passageways
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which connect internally within the body of a component
part of an end fitting. In more detail a first fliud communi-
cation passageway 950 i1s illustrated 1n FIG. 9 as extending
from an opeming 955 which can be used as an inlet/outlet
port to a remaining end where the passageway 950 opens
into and 1s 1n fluud communication with a further commu-

nication passageway 975. This further fluid commumnication
passageway 975 1s a straight bore through the flared out
region 920 of the main body. By creating a straight or at least
relatively straight passageway through this flared out region
920 fibre optic components or other elongate elements can
be duly located through an end fitting along a length of
flexible pipe as desired. The further fllid communication
passageway 9735 can additionally or optionally or alterna-
tively carry out a further purpose which 1s forming a part of
a fluid communication passageway which can be used to
vent an annulus of the flexible pipe via the primary fluid
communication passageway 950.

As 1llustrated 1n FIG. 9 the additive manufacturing pro-
cess can be utilised to provide surface layers at desired
locations 1n the end fitting main body. Aptly a corrosion
resistant alloy layer 980 can be provided on the inner bore
of the main body and 1n the area where the seal ring groove
910 1s formed at the flanged end of the end fitting body.
Corrosion resistant alloy can also be provided around the
vold spaces which create the primary and further fluid
communication passageways 930, 975. Providing corrosion
resistant alloy as a surface layer means sour service gaseous
components can be vented without risk of cracking. A
turther layer 990 can be created on the jacket seat area and
on a radially outer surface of the main body where wires are
terminated 1n a space formed between the main body and the
jacket.

FIG. 10 helps 1llustrate how flexible pipe body i1s termi-
nated 1 an end fitting which includes a jacket 1000. The
jacket 1000 shown 1n FIG. 10 1s an example of a component
part of an end fitting which 1s manufactured via an additive
manufacturing process of the type described herein above. In
fact in FIG. 10 the main body 1010 of the end fitting 1s also
formed via an additive process to include layers 1020 of a
corrosion resistant alloy which are imtegrally formed with
the base material which forms the remainder of the main
body 1010 of the end fitting. As illustrated in FIG. 10 the
jacket 1000 1s formed so as to include a fluid commumnication
passageway 1030 which 1s helpiul to selectively vent fluid
such as accumulated gases 1n use.

Certain embodiments of the present invention enable the
manufacture of end fitting components to be made using
additive manufacturing techniques. These are not only Near
Net Shape, saving on time and cost in machining, but also
have integral to them surfaces and or regions having favour-
able physical characteristics. For example the end fitting
components can have integral to them corrosion resistant
surfaces both 1n a bore and also through orifices intended for
gas venting. An advantage of certain embodiments of the
present invention 1s that the maternial used for a base material
of the end fitting does not require resistance to acid gas
species such as H,S. The exhaust of such acidic gases can
otherwise lead to corrosion of through passages and lead to
migration of atomic hydrogen released during the corrosion
reaction to points of high stress or inclusions 1n the end
fitting matenal.

It will be appreciated that certain embodiments of the
present invention can provide end fitting component parts
with surface regions and/or internal regions integrally
formed from different materials together with through pas-
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sageways. Alternatively through passageways can subse-
quently be formed via a conventional drilling technique.

Throughout the description and claims of this specifica-
tion, the words “comprise” and “contain” and variations of
them mean “including but not limited to” and they are not
intended to (and do not) exclude other moieties, additives,
components, mtegers or steps. Throughout the description
and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particu-
lar, where the indefinite article 1s used, the specification 1s to
be understood as contemplating plurality as well as singu-
larity, unless the context requires otherwise.

Features, integers, characteristics or groups described in
conjunction with a particular aspect, embodiment or
example of the invention are to be understood to be appli-
cable to any other aspect, embodiment or example described
herein unless imcompatible therewith. All of the features
disclosed 1n this specification (including any accompanying
claims, abstract and drawings), and/or all of the steps of any
method or process so disclosed, may be combined 1n any
combination, except combinations where at least some of
the features and/or steps are mutually exclusive. The inven-
tion 1s not restricted to any details of any foregoing embodi-
ments. The ivention extends to any novel one, or novel
combination, of the features disclosed 1n this specification
(including any accompanying claims, abstract and draw-
ings), or to any novel one, or any novel combination, of the
steps ol any method or process so disclosed.

The reader’s attention 1s directed to all papers and docu-
ments which are filed concurrently with or previous to this
specification 1 connection with this application and which
are open to public mspection with this specification, and the
contents of all such papers and documents are incorporated
herein by reference.

The 1nvention claimed 1s:
1. A method of manufacturing a component part of an end
fitting for a tlexible pipe, comprising the steps of:

via an additive process, providing a near net shape (NNS)
precursor corresponding to a component part of an end
fitting layer-by-layer, wherein the NNS precursor is
provided with at least one region of a first material
integrally formed with a base material of the NNS
precursor, said base material being different from the
first material, and wherein each region of the at least
one region of the first material 1s provided at a location
where a fluid communication passageway 1s provided
in the component part;
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subsequently performing at least one post NNS process-
ing operation on the NNS precursor to provide the
component part; and

providing the fluid communication passageway as an
interconnected void space 1n adjacent layers 1n a region
of the at least one region of the first material as layers
of the NNS precursor are provided.

2. The method as claimed in claim 1, further comprising:

via the void space, providing a non-linear lumen through
said region.

3. The method as claimed in claim 2, turther comprising:

the non-linear lumen 1s provided as a lumen having a
curved or labyrinthine passageway through said region.

4. The method as claimed in claim 1, further comprising:

providing a starting preform member; and

layer-by-layer, adding a new layer of base maternial and/or
the first material at selected locations on an underlying
layer supported via the preform member.

5. The method as claimed in claim 4, turther comprising:

providing the starter preform member by providing a
starting preform member manufactured from a material
that 1s more corrosion resistant than steel but less
expensive than nickel alloy.

6. The method as claimed 1n claim 1, further comprising;:

determining at least one tool path for at least one tool at
an Additive Manufacturing (AM) cell that performs at
least a step of the additive process.

7. The method as claimed in claim 6, turther comprising:

the at least one tool comprises a deposition robot or
machining robot or a part mampulator.

8. The method as claimed in claim 1, turther comprising:

providing a planar starting base plate member; and

layer-by-layer, adding a new layer of base material and/or
the first material at selected locations on an underlying
layer supported via the base plate member.

9. The method as claimed in claim 1, further comprising:

delivering a metal for the additive process as a powder or
wire.

10. The method as claimed 1n claim 1, further comprising;:

providing geometric data iput representing the compo-
nent part ol an end {itting.

11. The method as claimed 1n claim 1, further comprising:

providing a build sequence for the additive process.

12. The method as claimed 1n claim 1, further comprising:

determining at least one operation parameter for the
additive process.
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